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CONCERNING  THE  EFFECT  OF  THE  NATURE  OF  THE  COM¬ 
BUSTIBLE  AND  THE  CATALYTIC  AGENTS  ON  THE  COM¬ 
BUSTION  OF  AMMONIUM  AND  POTASSIUM  PERCHLORATE 
BASED  MIXTURES 

A.  P.  Glazkova  and  0.  K.  Andreyev 
Moscow 

It  is  known,  that  at  low  pressures  potassium  perchlorate 
based  mixtures  burn  at  higher  rates  than  ammonium  perchlorate 
based  mixtures.  This  can  be  due  to  at  least  three  reasons:  the 
catalytic  effect  of  the  potassium  [1],  the  formation  of  a  liquid 
layer  during  combustion  due  to  the  fusion  of  KC1  [2]  and,  finally, 
by  the  fact  that  in  the  decomposition  of  KC.10^,  as  is  known  from 
the  data  of  literature  [3],  an  oxygen-oxidj zer  is  immediately 
formed,  whereas  in  the  decomposition  of  NH^CIO^  dual  dissociation 
must  occur  for  the  formation  of  the  oxidizer:  of  the  perchlorate 
into  ammonia  and  perchloric  acid  and  of  the  latter  into  chlorine 
oxide  and  hydroxyl. 

One  of  the  possibilities  for  explaining  the  combustion  mechan¬ 
ism  of  these  mixtures  consists  in  comparing  the  effect  of  the 
chemical  nature  of  the  oxidizer  and  the  combustible  on  the  com¬ 
bustion  rate.  It  is  also  interesting  to  examine  to  what  extent  it 
is  possible  to  affect  the  oxidation  process  during  combustion  by 
the  addition  of  catalytic  agents.  According  to  the  data  of  [ A ] 
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chlorine  oxides  do  not  react  with  ammonia  at  normal  temperatures , 
but  upon  the  addition  of  methane  to  ammonia  they  react  right  away 
with  it. 

In  the  present  work  substances  were  selected  as  combustibles, 
which  do  not  contain  carbon  in  their  molecule  and  which  yield 
ammonia  (ammonium  chloride)  as  the  primary  decomposition  product; 
with  a  small  carbon  content  which  form  ammonia  (ammonium  oxalate) 
upon  their  decomposition,  and  which  do  not  form  it  (urea);  the 
hydrocarbons  -  naphthalene,  paraffin,  o-pheny lenediamine  and, 
finally,  pure  carbon  -  carbon  black.  Stoichiometric  mixtures  with 
particle  dimensions  <250  ym  were  studied  and  catalytic  agents1 
were  added  in  an  amount  of  5%.  The  experiments  were  carried  out 
in  a  constant  pressure  bomb  [5].  The  lower  combustion  limit  with 
respect  to  pressure  and  the  dependence  of  combustion  rate  on  pres¬ 
sure  in  the  range  up  to  1000  at  were  determined.  As  the  criterion 
of  the  effectiveness  of  the  catalytic  agent  effect  coefficient  z 

M 

w as  adopted,  which  was  equal  to  the  ratio  of  the  mass  combustion 
rate  of  the  catalyzed  mixture  to  the  combustion  rate  of  the  mixture 
without  the  catalytic  agent  under  the  same  conditions. 

The  experiments  showed,2  that  the  combustibles  which  yield 
ammonia  (ammonium  chloride,  ammonium  oxalate)  upon  decomposition, 
are  poorly  oxidized  both  by  the  decomposition  products  of  perchloric 
acid,  and  also  by  oxygen.  The  lower  limit  of  combustion  for  these 
mixtures  is  extremely  high  and  under  the  conditions  of  our  experi¬ 
ments  (the  diameter  of  the  samples  was  7  mm)  was  for  mixtures  based 
on  MH^ClOjj  700  at,  and  for  mixtures  based  on  KCIOj.  800  and  1000  at, 


‘The  particle  dimensions  of  the  inorganic  catalytic  agents  did 
not  exceed  100  ym ,  the  organic  catalytic  agents  were  in  the  finely 
dispersed  state. 


2The  points  on  the  curves  represent  the  average  values  of  2-3 
parallel  experiments. 
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but  even  at  1000  at  the  mixtures  burnt  at  extremely  low  rates 
~1  g/cm  • s .  It  is  interesting  to  note,  that  the  appearance  of 
carbon  in  a  molecule  of  combustible  for  mixtures  based  on  NH^CIO^ 
stimulated  the  combustion  process.  Thus,  a  mixture  with  ammonium 
oxalate  burnt  approximately  twice  as  fast  as  a  mixture  with 
ammonium  chloride.  The  stimulating  effect  of  small  quantities  of 
carbon  for  combustibles  which  do  not  yield  ammonia  upon  decom¬ 
position  manifests  itself  even  more  vigorously  -  in  mixtures  with 
urea. 


The  effect  of  copper  oxinate  on  the  com¬ 
bustion  of  mixtures  based  on  NH^CIO^  (a) 

and  KC10),  (b).  The  sketched  mints  npp- 

'  T  »  k~  -  ~ 

tain  to  catalyzed  mixtures:  1,2-  with 
NH^Cl  ;  3 ,  4  -  with  ammonium  oxalate; 

5,  6  -  with  urea;  [ ,  8  -  with  o-pheny- 
lenediamine. 

Mixtures  based  on  KC10)(  burn  at  higher  rates;  a  mixture  with 
paraffin  yields  the  maximum  combustion  rate;  a  mixture  with 
naphthalene  burns  more  slowly  and  a  mixture  with  carbon  black 
burns  even  more  slowly.  For  mixtures  based  on  NH^CIO^  the 
sequence  of  the  arrangement  of  combustibles  in  the  order  decrease 
in  rate  varies  somewhat  (table).  It  is  interesting  to  note,  that, 
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The  effect  of  catalytic  agencs  (5%)  on  the  combustion 
characteristics  of  stoichiometric  mixtures  based  on 
ammonium  ana  potassium  perchlorates. 


Combustible  CataUtlc - - —I - KU0' 

agent  />•  j  ,  \  at  (  n 
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for  example,  at  1000  at  a  mixture  of  NH^CIO^  with  NH^Cl  burnt  13 
times  more  slowly,  with  ammonium  oxalate  -  8  times  more  slowly, 
and  with  urea  -  2  times  more  slowly  than  ammonium  perchlorate 
itself. 

As  the  catalytic  agents  for  the  investigated  mixtures  inorganic 
[6]  and  organic  [7]  copper  compounds  ’/ere  selected,  which  most 
effectively  catalyze  the  combustion  of  ammonium  perchlorate.  On 
the  figure  data  is  represented  with  respect  to  the  combustion  of 
catalyzed  mixtures,  from  which  it  is  evident,  that  the  effect  of 
catalytic  agents  is  much  more  significantly  manifested  for  mixtures 
based  on  NH^CIO^.  Thus,  a  mixture  with  ammonium  chloride  and  copper 
oxinate  began  to  burn  at  200  at  instead  of  700  and  at  1000  at  burned 
18  times  faster  than  the  pure  mixture.  The  presence  of  a  catalytic 
agent  was  even  more  strongly  expressed  at  the  lower  limit  for  a 
mixture  with  ammonium  oxalate  -  it  dropped  from  700  to  50  at,  and 
the  coefficient  Z  at  1000  at  was  equal  to  10.  For  a  mixture  of 

M 

ammonium  perchlorate  with  urea  the  3  er  limit  was  ~200  at,  and  the 
combustion  rate  at  1000  at  exceeded  by  9  times  the  combustion  rate 
of  the  uncatalyzed  mixture.  Even  greater  catalytic  effects  were 
observed  with  a  reduction  in  pressure,  since,  at  800  at  the  com¬ 
bustion  rate  of  mixtures  with  ammonium  oxalate  and  NH^Cl  increased 
by  30  times. 

For  mixtures  based  on  KC10i(  and  NH^Cl  catalyzed  with  copper 
oxinate  the  lower  limit  dropped  only  by  100  at,  the  combustion  rate 
at  1000  at  did  not  vary;  for  a  mixture  with  ammonium  oxalate  the 
lower  limit  dropped  from  1000  to  700  at,  and  the  combustion  rate 
at  1000  at  increased  by  9  times  and,  finally,  for  mixtures  with 
urea  the  lower  limit  dropped  almost  to  atmospheric  pressure,  and 
the  combustion  rate  at  pressures  above  900  exceeded  the  com¬ 
bustion  rate  of  the  pure  mixture  by  two  times. 

Thus,  the  pattern  varies  sharply  for  catalyzed  mixtures:  with 
one  and  the  same  combustible  ammonium  perchlorate  based  mixtures 
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burn  at  considerably  greater  rates.  These  results  are  in  agree¬ 
ment  with  the  data  of  literature,  obtained  for  low  pressures,  in 
accordance  with  which  compositions  based  01  KCIO^  are  catalyzed 
much  less  than  those  based  on  NH^CIO^  [8],  and  confirm  the  earlier 
made  observations  concerning  the  fact,  that  catalytic  effects  most 
strongly  manifest  themselves  for  slowly  burning  mixtures.  However, 
the  fact,  that  mixtures  based  on  KCIO^,  which  even  burn  slowly,  are 
catalyzed  much  more  weakly  than  analogous  mixtures  bases  on 
NHjjClO^,  can  attest  not  only  to  t-he  fact,  that  catalysis  already 
occurred  with  an  ion  or  with  potassium  oxide,  but  also  to  the  fa^t , 
that  the  role  of  the  catalytic  agent  consists,  apparently,  in  the 
liberation  of  elementary  oxygen  from  the  oxides.  In  the  case  of 
KCIO^ ,  as  was  already  noted  above,  the  oxygen  is  liberated  more 
simply . 

The  table  sums  up  the  obtained  results  and  presents  the 
values  of  B  and  v  in  the  combustion  equation  u.^  =  Bpv.  Let  us  note, 
that  the  presence  of  ammonia  in  a  molecule  of  an  organic  compound 
(ammonium  salicylate)  is  net  reflected  on  the  combustion  rates  -  the 
curves  for  mixtures  of  potassium  perchlorate  with  ammonium  salicylate 
and  salicylic  acid  coincide. 

It  is  interesting  to  note,  that  the  addition  of  a  catalytic 
agent  to  a  mixture  of  ammonium  perchlorate  with  coke  led  to  the 
fact  ,  that  the  mi  vture  burnt  at  the  same  rate  ao  pui-e  ammonium 
perchlorate  with  a  catalytic  agent  [9],  and  mixtures  of  potassium 
perchlorate  with  carbon  black  and  a  catalytic  agent  (copper 
dichromate  dihydrate,  ferric  oxide),  as  is  apparent  from  the  table, 
burnt  in  the  pressure  range  up  to  800  at  at  the  same  rate  as  un- 
°atalyzed  mixtures,  and  at  high  pressures  the  catalytic  agents 
even  reduced  the  combustion  rate  (by  20-30$).  Let  us  dwell,  finally, 
on  mixtures  of  investigated  oxidizers  with  o-phenylenediamine.  Tne 
latter  oxidizes  readily  and  it  was  natural  to  expect,  that  mixtures 
with  it  v/ill  burn  at  the  greatest  rate.  Experiments  have  shown, 
however,  that  o-phenylenediamine  does  not  oxidize  as,  well  upon 
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burning  as  paraffin,  both  in  the  case,  when  NH^CIO^  is  the 
oxidizer,  as  well  in  the  case  when  KCIO^  is  the  oxidizer.  At  the 
same  time  it  is  known,  that  with  the  presence  of  perchloric  acid 
m  a  molecule  of  o-pheny lenediamine  itself  [10]  the  latter  burns 
at  the  greatest  rate  of  all  the  investigated  organic  perchlorates. 

In  conclusion,  let  ,s  examine  how  the  coefficients  B  and  the 
exponent  v  vary  for  the  investigated  mixtures.  It  is  evident  from 
uh.  '-able,  that,  as  a  rule,  coefficient  B  is  greater  for  KC1CK 
based  mixtures  than  for  analogous  NH^CIO^  based  mixtures,  and  the 
introduction  into  the  composition  of  additives,  which  increase  the 
combustion  rate,  leads  to  an  increase  in  coefficient  B,  which 
at i es to  to  the  fact,  that  the  greater  combustion  rate  of  mixtures, 
where  KCU^  is  the  oxidizer,  and  also  of  catalyzed  mixtures  is  due 

to  the  greater  completeness  of  reaction  occurrence  in  the  con¬ 
densed  phase. 

It  is  evident  from  what  has  been  stated  above,  that  the  greatest 
effect  of  catalytic  agents  is  observed,  when  NH^CIO,  33  the  oxidizer, 
and  the  combustible  -  compounds  which  yield  ammonia  upon  decomposi¬ 
tion.  for  similar  types  of  mixtures  extremely  high  catalytic 
effects  were  obtained  for  the  first  time  -  an  increase  in  combustion 
rate  by  tens  of  times  and  a  reduction  in  the  lower  combustion  limit 
with  respect  to  pressure  by  hundreds  of  atmospheres. 
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